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Figure 1: Soil strength variation with depth increment (StdError ±1)

A

P0

B
A

P4 > P3> P2> P1> P0 
BA

(Desbiolles, 
1999)

:
Figure 2: Required soil loosened profile energy variation with soil strength increment 
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Figure 3: The variation of specific penetration energy of penetrometer
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Figure: 4. Soil loosened profile measurement for 2 tines subsoiler
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Figure 5: Penetration energy requirement as depth increases
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Figure 6: Schematic of soil bin and tine used for conducting the experiments 
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Table 1: Resulted data for different parameters at different soil compaction levels 

 
 

KJ/m2 J 
 

(kN/m2)
 

cm2
 

(N)
 

kg/m3

11.97 135.23 13.73 116.33 154.72 1100 
14.34 171.6 15.66 119.66 187.44 1200 
23.8 313.97 21.17 132 276.89 1300 
25.8 363.73 21.86 141 307.68 1400 

41.37 704.2 26.22 179.33 459.51 1500 

(Aase et al.2001)
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Figure 7: Soil bulk density and penetration strength relationship (Std Error ±1) 
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Table 2: Variance analysis results for soil bulk density effect on draft requirement 

  (SS) (MS) F 
 4 171667.9 42916.98 20.2** 

 10 21247.3 2124.73  
 14 192915.2   

MF285
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Figure 8: Draft requirement increment as soil compaction increased 
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Figure 9: pecific draft variation as compaction increases (Std Error ±1)
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Figure 10: Soil loosened profile energy variation with soil compaction increment 
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Figure 11: Required draft and loosened profile energy relationship at different soil compaction levels 
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Figure 12: pecific draft and specific energy relationship at different soil compaction levels (Std Error ±1) 
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Abstract 

The important issue in deep tillage is the amount of energy is spent on subsoiling, in 
other words how much energy is required to loosen the soil up to given depth. 
Conventional methods have been based on draft force or drawbar power required to 
conduct a tillage operation. Most of researchers predominantly have used specific soil 
resistance and specific power to represent subsoiling efficiency and compare different 
tillage tools performance. Specific draft or power can be defined as draft or power force 
required loosening a cross-sectional area of soil. As the soil strength increases with depth, 
loosening the same soil area at shallow depth requires considerably less effort than the 
equivalent area loosened to greater depth. On this basis, comparing soil-loosening 
capacity based on specific resistance and specific power can be misleading. Tillage tool 
which loosen large shallow area may appear to have a greater loosening capacity and 
better efficiencies than those that loosen to greater depths. Hence, loosened profile energy 
theory was developed which considers both loosened area and soil strength. To 
investigate the effect of soil compaction on energy requirement, 5 levels of soil bulk 
density of 1100, 1200, 1300, 1400 and 15000 kg/m3 were arranged in a complete 
randomised designin 3 replications. Required draft force, soil resistance and loosened soil 
profile were measured during experiments.  Results showed that with increasing soil bulk 
density required draft force, specific draft, loosened energy, specific loosened energy 
increased. In spite theoretical computation relatively high correlation (R2=0.97) was 
found between draft increment and loosened profile energy and also between specific 
draft and loosened profile energy. It was concluded that both specific draft and specific 
loosened profile energy are proper parameters for evaluating tillage tools performance.  
Keyword: Soil resistance, Specific power, loosened area, Energy usage, Subsoiler 
 


